Meloidogyne hapla, a species of root-knot nematode that can survive freezing temperatures, and M. incognita a species that cannot, were observed while being frozen on a microscope stage where temperatures could be lowered to -40° ± 0.1° C at a maximum rate of 10° C/min. Eggs and larvae survived for short periods in supercooled water and in ice, but formation of internal ice was lethal to both species. At a lower rate of cooling, 1° C/min., there was no difference in the ability of the two species to survive subzero temperatures. However, when larvae were frozen in physiological salt solution or egg-masses were stored for long periods at temperatures slightly above freezing and then frozen, significantly more M. hapla survived than did M. incognita.
In a previous study (Sayre 1963) , Meloidogyne incognita Kofoid & White, a nematode occurring in greenhouses in Ontario, was quickly eradicated from bare frozen soil and failed to survive under a cover crop of wheat or on the perennial host, asparagus. By contrast, M, hapla Chitwood, the northern rootknot nematode, overwintered readily. Because 5lI, hapld survived for 90 days in frozen soil where a minimum temperature of -11 ° C was recorded, this species has a remarkable degree of cold-hardiness.
This study was made to observe the physical events that occur during freezing of the eggs and larvae of root-knot nematodes, to separate species by their response to freezing temperatures, and to determine some of the possible factors responsible for cold-hardiness in M, hapla.
METHODS AND MATERIALS
M. incognita and M. hapla were propagated in the greenhouse from single egg-masses on the roots of tomato plants. Larvae used in microscopic observations were collected separately from the roots of tomato using a method of Dropkin (1959) . Egg-masses were hand picked from the plant roots exposing a white surface of eggs. Observations were made in the freezing microscope stage on these freshly exposed eggs using reflected and transmitted light.
The freezing stage, diagrammed in Fig. 1 , is a modification of a design by Luyet & Rapatz (1957) . For simplicity of presentation, short thermocouple lead wires are pictured. In practice, the leads were wound around the bottom of the glass well to avoid the transfer of heat by the wires from outside the well to the measuring junction. The sample to be observed was placed on a coverslip next to the thermocouple. A second coverslip ringed with petroleum jelly was used to seal in the sample with the thermocouple and prevent evaporation. The two coverslips were then placed in the well of the stage and covered with glycerol to prevent fogging on the objective side of the preparation. A double layer of glass not shown in the diagram of the stage provided an insulating compartment that prevented deposition of moisture on the condensor side of the stage. Equipment for controlling the cold air stream is presented in Fig. 2 and is similar to that used by Luyet & Rapatz ( 1957 ) . The air supply was regulated to 20 psi and passed through a drying column of calcium chloride before entering a Leeds and Northrup electro-pneumatic converter. The converter changed a 0-5 ma. current from a Leeds and Northrup Speedomax H recorder-controller unit to a corresponding output in air pressure of 0-15 psi. The sensing element for the recorder-controller unit is a copper-constantan thermocouple made of 40 gauge wire.
In operation, dry air from the converter is passed through a copper coil immersed in a cold bath (-79° C) contained in a Dewar flask. The coolant in the flask is a mixture of dry ice and propylene glycol. The cooled air then leaves the coil and enters the microscope stage. The recorder-controller unit records the temperature of the stage and signals the converter whenever the temperature departs from the desired control point setting. This equipment cools samples to -40° ± 0.1° C at a maximum rate of 10° Clmin. Because only a few nematodes can be observed at one time through the microscope, replicated laboratory tests were undertaken to find if statistical methods
